Objective A better understanding of risk factors for pneumonia-caused death may help to improve the clinical management of dementia. Methods A retrospective observational study was conducted by reviewing the medical charts and autopsy reports of 204 patients who were admitted to hospital, underwent a post-mortem examination, and who were neuropathologically diagnosed with dementia. The risk factors for pneumonia-caused death were examined both as underlying and immediate causes of death using logistic regression models. Results A high frequency of pneumonia-caused death was observed both in underlying-(37.3%) and immediate-(44.1%) cause of death, but varied according to the subtypes of dementia. ) and conversely related with heart failure (OR, 0.149; 95% CI, 0.026-0.861). Factors relating to pneumonia-caused death (immediate) were incidence of pneumonia during hospitalizations (OR, 32.579; 95%CI, 4.308-246.370), gender-male (OR, 2.060; 95% CI, 1.098-3.864), and conversely related with malignant neoplasm (OR, 0.220; 95% CI, 0.058-0.840). Conclusion The different factors relating to the pneumonia-caused death were evaluated depending on whether pneumonia was the underlying-or immediate-cause of death. Strengthening clinical management on dysphagia and diabetes mellitus, and preventing incidence of pneumonia during hospitalization appear to be the important for the terminal stage of hospitalized patients with dementia.
Introduction
to those without dementia (7) . An understanding of the factors associated with pneumonia-caused death in patients with dementia may help to improve clinical management; however, these factors have not been fully elucidated. Dementia covers a wide range of symptoms and encompasses a group of related neurodegenerative disorders. Many of the factors that are associated with pneumonia-caused death are likely to co-exist. In addition, the frequency of pneumoniacaused death in older adults with dementia varies and ranges from 12% (4-6) to 70% (8) (9) (10) (11) (12) (13) (14) . Although a number of reasons might be responsible for these differences, one possible reason may lie in the heterogeneity of the studies, including the cause of death (underlying or immediate), the method used to obtain the cause of death (autopsy or death certificate), and the subtypes and severity of dementia (7) . It was thought that the risk factors for pneumonia-caused death in older adults with dementia would also differ according to the cause of death, how the information was obtained, and the subtypes of dementia.
The aim of the present study was to evaluate the factors associated with pneumonia-caused death (both as the underlying and immediate cause of death) in older adults with autopsy-confirmed dementia and to investigate how the subtypes of dementia affect pneumonia-caused death. It is hoped that the results would contribute to the efficient clinical management of patients with dementia.
Materials and Methods

Study design and subjects
We conducted a retrospective observational study of 204 patients with dementia and neurodegenerative disorders who were hospitalized and underwent autopsy in a hospital in Toyohashi, Japan between 2005 and 2014. Some of the data that are presented in this study were obtained from our previous study, which reported on the differentiation of the prognoses of Alzheimer's disease (AD), dementia with Lewy bodies (DLB) and vascular dementia (VaD) (9) . In the present study, we collected additional data from all of the eligible patients during the observational period, regardless of the dementia subtype. Information on the general and clinical backgrounds of the patients, comorbidities and the results of neuropathological examinations were collected.
The patients were divided into 4 groups depending on the cause of death: patients who died due to pneumonia, which was the underlying cause of death "pneumonia-caused death (underlying)"; patients who died due to another condition, which was the underlying cause of death "non-pneumoniacaused death (underlying)"; patients who died due to pneumonia, which was the immediate cause of death "pneumonia-caused death (immediate); and patients who died due to another condition, which was the immediate cause of death "non-pneumonia-caused death (immediate)." Comparisons were made between the pneumonia-caused death (underlying) and non-pneumonia-caused death (underlying) groups, and between the pneumonia-caused death (immediate) and non-pneumonia-caused death (immediate) groups.
This study was approved by the Institutional Review Board of the University of Tsukuba and the Choju Medical Institute at Fukushimura Hospital. Written informed consent was obtained from the patients' relatives.
Diagnosis and definitions
The details of the neuropathological diagnosis of each subtype of dementia and the determination of the cause of death were described in our previous study (9) .
The underlying cause of death is defined as the disease, injury, or corresponding circumstance that initiated the chain of events (i.e. the intermediate cause of death) ultimately leading to death (11) . The immediate cause of death is defined as the final disease, injury, or complication directly causing death (11) . Dysphagia, including swallowing dysfunction, was clinically diagnosed during the hospitalization period by physicians who were specialists in geriatric medicine. The complication of pneumonia has been defined as the development of pneumonia on one or more occasions during hospitalization based on the diagnostic criteria of the Guideline for the management of hospital-acquired pneumonia in adults by the Japanese Respiratory Society (15) .
Statistical analysis
The categorical variables were reported as percentages, and the continuous variables were presented as the median and interquartile range (IQR; 25-75%) or as the mean and standard deviation (SD). The characteristics of the patients who died due to pneumonia vs. those who died due to other than pneumonia were compared using the χ 2 test or Fisher's exact test (categorical variables) and the Mann-Whitney U test or Kruskal-Wallis test (continuous variables). The frequency of pneumonia-caused death (underlying) and pneumonia-caused death (immediate) was compared using the McNemar test. The factors associated with pneumoniacaused death were determined using logistic regression models with independent variables. A step-wise selection method was used to select variables, which were performed by the forced entry method.
The data analyses were performed using the SPSS Statistics (version 22.0, IBM, Armonk, NY, USA). In all of the analyses, the significance levels were two tailed, and p values of <0.05 were considered statistical significance.
Results
Characteristics of the patients who died due to pneumonia vs. non-pneumonia as underlying and immediate causes
In the grouping of underlying cause of death, 76 (37.3%) were assigned to the pneumonia-caused death (underlying) group and 128 (62.7%) to the non-pneumonia-caused death ( 5) 17 ( The comparisons between the pneumonia-caused death (underlying) group and the non-pneumonia-caused death (underlying) group are shown in Table 1 . There were no significant differences between the two groups with regard to gender, or the age at the onset of dementia and death. There incidence of pneumonia complications during the hospitalizations did not differ to a statistically significant extent between the two groups, and more than 80% of the patients developed pneumonia during hospitalization in both the pneumonia-caused death (underlying) and the nonpneumonia-caused death (underlying) groups. Dysphagia tended to be more common in the pneumonia-caused death (underlying) group than in the non-pneumonia-caused death (underlying) group (Table 1) .
The comparisons between the pneumonia-caused death (immediate) group and the non-pneumonia-caused death (immediate) group are shown in Table 2 . Gender-male presented a significant difference between the groups. With regard to the subtypes of dementia, only in VaD was a significant difference between the groups with a higher number of non-pneumonia-caused death ( Table 2 ). The incidence of pneumonia during hospitalization was significantly higher in the pneumonia-caused death (immediate) group. With regard to the incidence of comorbidities, although there were no differences in the underlying causes of death of the two groups (Table 1) , there were more patients with malignant neoplasms than those in the non-pneumonia-caused death (immediate) group (Table 2) . Other factors, including the performance of percutaneous endoscopic gastrostomy (PEG), the body mass index (BMI) at admission, and the brain weight were not significantly different between the pneumonia-caused death (underlying) and non-pneumoniacaused death (underlying) groups or between the pneumonia-caused death (immediate) and non-pneumoniacaused death (immediate) groups (Table 1 , 2, respectively).
Pneumonia-caused issues among the subtypes of dementia
Pneumonia related issues including the incidence of pneumonia before and after hospital admission and pneumonia- caused death were compared among the subtypes of dementia (Table 3) . Although the frequency of pneumonia-caused death, both as an underlying and an immediate cause of death, was high in all subtypes of dementia, in both cases, the frequency was highest among the patients with progressive supranuclear palsy (PSP). The second highest frequency of pneumonia-caused death (underlying) was observed among the patients with AD and argyrophilic grain disease (AGD), while the second highest frequency of the pneumonia-caused death (immediate) was observed among patients with DLB and AD. When comparisons were made within the types of dementia, the rates of pneumonia-caused death (underlying) and pneumonia-caused death (immediate) among patients with AD were found to be similar (underlying, 47.5%; immediate, 50.8; p=0.856); in contrast, there was a significant difference in the rates in DLB patients (underlying, 23.8%; immediate, 54.8%) (p=0.007). Pneumonia was an underlying and an immediate cause of death in equal numbers of VaD patients.
A high frequency of pneumonia complications was observed in all subtypes of dementia. Most notably, 10 of the 11 patients who were diagnosed with PSP developed pneumonia during hospitalization and died as a result of pneumonia; in each of these cases, pneumonia was the underlying cause of death. Dysphagia was observed in more than 50% of patients with AD, DLB and VaD and in 81.8% of patients with PSP.
Factors influencing pneumonia-related death in patients with dementia
The risk factors for pneumonia-caused death, (both underlying and immediate) were determined using logistic regression models. Dysphagia, diabetes mellitus, AD, AGD, and PSP were risk factors for pneumonia-caused death (underlying). Heart failure was inversely associated with the pneumonia-caused death (underlying) ( Table 3) . Male gender and the incidence of pneumonia during hospitalization were risk factors for pneumonia-related death (immediate). The presence of a malignant neoplasm was inversely associated with pneumonia-caused death (immediate) ( Table 4) .
Discussion
The present study on patients with neuropathologicallyconfirmed dementia revealed that pneumonia was common cause of death both as immediate and underlying causes of death. The factors associated with pneumonia-caused death (underlying) included the subtype of dementia (AD, AGD, and PSP), dysphagia, and diabetes mellitus; while the factors associated with pneumonia-caused death (immediate) included male gender and the incidence of pneumonia during the hospitalization (irrespective of the subtype of dementia).
Hospital-acquired pneumonia (HAP) is relatively common during hospitalization and it is also is associated with an increased mortality and an increased length of stay (15, 16) . Several studies of patients with dementia have reported that a high proportion of deaths can be attributed to pneumonia (4) (5) (6) (7) (8) . However, the frequency of pneumonia-caused death in patients with dementia seems to vary due to factors such as the source of information, study design, and the subtypes and severity of dementia (7) . To clarify the potential reasons for these varying results, we evaluated patients with neuropathologically-confirmed dementia and examined the risk factors for pneumonia-caused death both as the underlying-and the immediate-cause of death. All of the patients were in the terminal stage of their illness and died in hospital. In the present study, the rates of pneumonia-caused death (underlying) and pneumonia-caused death (immediate) were 37.7% and 44.1%, respectively. These frequencies of pneumonia-caused death were almost compatible with previous reports which examined patients with autopsy-confirmed dementia (4, 6, 10, 11) .
Dysphagia was the only factor (along with dementia subtype) that increased the risk of pneumonia-caused death (underlying) (Table 4) . Dysphagia, which is defined as difficulty in swallowing, may occur due to oropharyngeal or esophageal problems (17) and can be a major factor in the development of pneumonia (18) (19) (20) . Patients with dementia usually develop dysphagia in the most advanced stage of their disease (21) . Most of our patients were in the terminal stage of their illness and their cognitive impairments were often severe. As a result, with the exception of the patients with AGD, more than 50% of our patients presented dysphagia; the prevalence of dysphagia differed according to the type of dementia (Table 3) . Although we could not examine the swallowing function of the patients in the terminal stage of dementia, the prevalence of dysphagia was highest among patients with PSP (81.8%) followed by DLB (66.7%), AD (50.8%), and VaD (51.0%). The impairment of saliva swallowing and the aspiration of swallowed material into the airway can cause aspiration pneumonia (22) . A re- Baseline adjustment covariates: sex, onset age, subtypes of dementia, comorbidities, incidence of pneumonia, comorbidities (hypertension, diabetes mellitus, heart failure, cerebral infarction, malignant neoplasm, fracture), dysphagia, and percutaneous endoscopic gastrostomy.
cent study indicated the existence of a relationship between dysphagia and aspiration pneumonia (23) . The different prevalence of dysphagia might be risk factor for death due to aspiration pneumonia depending on the subtype of dementia. These differences are also thought to be caused by lesions in diffuse areas of the brain, which result in cognitive disorders and the deterioration of the oral, pharyngeal, and laryngeal functions (24) . A meta-analysis suggested that the prevalence of swallowing difficulties in the different types of dementia ranges from 13 to 57% and that the prevalence of swallowing difficulties in patients with DLB was higher than that in patients with AD (25) . The present study also showed that the prevalence of dysphagia in patients DLB was higher than that in patients with AD (Table 3). The frequency of pneumonia-caused death (immediate) was also high among patients with DLB. The highest prevalence of dysphagia was observed in patients with PSP; in most of these patients, pneumonia was an underlying-or immediate-cause of death. These results indicate that dysphagia started a chain of events leading to the development of pneumonia and ultimately, to death.
In the present study, AD, AGD, and PSP (but not on DLB and VaD) were evaluated as risk factors for pneumoniacaused death (underlying) ( Table 3 ). An autopsy study by Magaki et al. reported that the rate of pneumonia-caused death (both underlying and immediate) was high in patients with moderate and severe AD (8) . In the present study, although a greater number of patients with DLB were classified into the non-pneumonia-caused death (underlying) group than the pneumonia-caused death (underlying) group (p=0.049, Table 1 ), there was no significant difference in the number of patients with DLB who were classified into the pneumonia-caused death (immediate) and non-pneumoniacaused death (immediate) groups (p=0.163, Table 2 ). Severe cardiac and circulatory autonomic dysfunction as well as respiratory dysfunction occurs in DLB (26) (27) (28) , but not in AD. This suggests a clue as to why pneumonia might result in the further aggravation of cardiac and circulatory dysfunction in patients with DLB once they reach the terminal stage of their disease, when pneumonia can lead to death due to a decreasing ventilatory response to hypercapnia (28) . The more patients with VaD in the non-pneumonia-caused death (immediate) group than those in the pneumoniacaused death (immediate) group was observed (p=0.002, Table 2). VaD, which is associated with cerebral infarctions, was associated with a lower risk of pneumonia-caused death (immediate). Although previous studies have indicated an association between dysphagia and stroke (29) , further studies are needed to confirm the relationship between pneumoniacaused death and cerebrovascular lesions. Despite the small number of patients with PSP and AGD, these factors were associated with a higher risk of pneumonia-caused death (underlying). This result, with regard to PSP, was compatible with previous studies that concluded that the incidence of dysphagia among patients with PSP is high from the early stage of the disease and which found that the rate of pneumonia-related death among patients with PSP was high (30) . However, there is currently little information in relation to PSP and AGD and further studies are needed to confirm these results.
Diabetes mellitus was the only comorbidity that was found to be a risk factor for pneumonia-caused death (underlying) (Table 3) . It has been reported that cognitive impairments, especially AD and other forms of dementia, are frequent comorbidities in patients with patients with diabetes mellitus. The insulin resistance caused by diabetes mellitus may lead to a lack of physical activities as well as immune dysfunction (31) . Patients with diabetes mellitus develop infections more frequently than non-diabetic individuals (32) . The result indicated that appropriate and careful clinical treatment is essential for diabetes mellitus, even if it is difficult owing to their cognitive impairments. Heart failure was inversely associated with pneumonia-caused death (underlying), while and malignant neoplasms were inversely associated with pneumonia-caused death (immediate) ( Table 4, 5) . This means that the condition of these patients was likely to have been poorer than that of the patients without these comorbidities. Such patients may be more likely to die due to heart failure or complicated conditions caused by malignancy before they develop HAP.
Pneumonia during hospitalization, and male gender were risk factors for pneumonia-caused death (immediate) (Table 4). This result may suggest that the risk of pneumonia is independent from the type of dementia and that it has stronger influence on patient death than other factors in the terminal stage of dementia. Pneumonia-caused death (immediate) may be influenced by functional deterioration due to aging together with dementia. With regard to respiratory conditions in older adults, several major important physiological changes occur with aging, including a decrease in the elastic recoil of the lung, a decrease in the compliance of the chest wall, and a decrease in the strength of the respiratory muscles (3) . These conditions may be more likely to lead to death once older adults develop pneumonia in the terminal stage of their life. The cognitive and functional deterioration that are caused by any form of dementia may contribute to the deterioration of respiratory conditions that occurs with aging. Consequently, the incidence of pneumonia during hospitalization was a risk factor for pneumoniacaused death (immediate) with a high odds ratio.
The present retrospective observational study has some limitations. Although the patients underwent brain autopsy at the study site, we were unable to compare the data with data from control patients without dementia due to the ethics surrounding autopsy examinations. The data related to dysphagia was mostly collected from the observations of the clinicians in charge, without specialized swallowing assessments. In addition, this study was conducted at a single medical institute. Further studies in older adults in different medical settings are therefore necessary before the results can be generalized.
In conclusion, our observational study of patients with autopsy-confirmed dementia revealed that different factors were associated with pneumonia-caused death depending on whether pneumonia was the underlying or the immediate cause of death. Certain subtypes of dementia (AD, AGD, and PSP) were associated with pneumonia-caused death (underlying), but not pneumonia-caused death (immediate). Dysphagia and comorbid diabetes mellitus as well as pneumonia complication during hospitalization were important factors that should be considered in directing the optimal clinical management of patients with dementia. Our results may be incorporated into clinical practices on management of patients with dementia in the terminal-stage. The study warrants further investigations, particularly in the form of a prospective cohort study.
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